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PURPOSE: To improve the discharge efficiency of a liquid by utilizing the volume 
change of a ultra-magnetostrictive rod. 

CONSTITUTION: A pump chamber 4A is formed in a pump case 4 via an operating 
piston 5, a suction valve 8 and a discharge valve 9 are provided in front of the pump 
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the operating piston 5 and a ultra-magnetostrictive actuator 10 in a casing main body 2. 
When the volume of a ultra-magnetostrictive rod 14 is changed to change the pressure in 
the liquid pressure chamber 19, the operating piston 5 is reciprocated, and the pump 
chamber 4A is expanded or shrunk. 
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1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] Casing which has a pump case in the nose-of-cam side of the housing main body formed as an airtight container and by 
which the rod sliding hole of a minor diameter was formed between this pump case and the housing main body, The operation 
piston to which the rod section of a minor diameter was fitted in the rod sliding hole of this casing, and the piston section of a 
major diameter formed the pump house in the aforementioned pump case, When it is located in front of the aforementioned pump 
house and in the back, and is prepared in the aforementioned pump case and this operation piston expands and contracts a pump 
house The suction valve and discharge valve which carry out inflow appearance of the liquid into this pump house, and the 
super-magnetostriction formula actuator which makes shaft orientations expand and contract a super-magnetostriction rod by 
being prepared in the aforementioned housing main body and energized from the outside, By being located between this 
super-magnetostriction formula actuator and the rod section of the aforementioned operation piston, being formed in the 
aforementioned casing, and changing the pressure of the working fluid enclosed with the interior based on expansion and 
contraction of the aforementioned super-magnetostriction rod The super-magnetostriction formula liquid pump which it comes to 
constitute from a fluid-pressure room which makes the aforementioned operation piston reciprocate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the super-magnetostriction formula liquid pump uses liquids, such as fuel, for 
canying out feeding supply, and it was made to drive a pump with a super-magnetostriction formula actuator especially about a 
suitable super-magnetostriction formula liquid pump. 
[0002] 

[Description of the Prior Art] It is made for liquid pumps, such as a fuel pump, to make the delivery shell exterior breathe out the 
fuel absorbed in pump housing generally by carrying out the rotation drive of the pump rotors, such as a turbine prepared possible 
[ rotation ] in pump housing, by the electrical motor. 

[0003] However, since the liquid pump by this kind of conventional technology is using the electrical motor, the whole cannot 
enlarge it, it cannot attain measurement-ization upwards and has the problem of power consumption being large and being easy to 
generate an allophone from the sliding section. 

[0004] moreover, a suction pipe and a discharge tube respectively with the check valve before the liquid room which consists of 
an elastic member by JP,2-245483,A as other conventional technology, and to after — preparing — a super-magnetostriction - the 
aforementioned liquid room is made to expand and contract by expansion and contraction of a member, and the liquid-sending 
pump it was made to make the liquid absorbed from the suction-pipe side breathe out from a discharge-tube side is proposed 
[0005] and the thing for which the joint seat of an abbreviation trapezoidal shape is prepared between the aforementioned liquid 
room and a super-magnetostriction member, and the touch area of this joint seat is enlarged by the liquid room side with this 
liquid-sending pump — the aforementioned super-magnetostriction - expansion and contraction of a member — a variation rate - 
the amount of expanding and contracting of a liquid room (capacity change) is increased to an amount - making -- making — 
**** - as a driving source -- a super-magnetostriction - there are small and an advantage that-izing can be carried out 
[0006] 

[Problem(s) to be Solved by the Invention] by the way, with the liquid-sending pump by other conventional technology mentioned 
above The touch area of the joint seat to a liquid room is made larger than the touch area to a super-magnetostriction member. 
Since it is made to increase capacity change of the aforementioned liquid room based on the difference of this touch area, capacity 
change (the amount of expanding and contracting) of the aforementioned liquid room cannot be enlarged so much, but there is a 
problem that regurgitation efficiency as a liquid-sending pump etc. cannot be improved. 

[0007] this invention was made in view of the problem of the conventional technology mentioned above, and this invention can 
improve the regurgitation efficiency of a liquid using the volume change of a super-magnetostriction rod, and small 
lightweight-ization can be attained upwards and it aims at offering a super-magnetostriction formula liquid pump having enabled 
it to reduce noise, power consumption, etc. 
[0008] 

[Means for Solving the Problem] The composition which this invention adopts in order to solve the technical problem mentioned 
above Casing which has a pump case in the nose-of-cam side of the housing main body formed as an airtight container and by 
which the rod sliding hole of a minor diameter was formed between this pump case and the housing main body, The operation 
piston to which the rod section of a minor diameter was fitted in the rod sliding hole of this casing, and the piston section of a 
major diameter formed the pump house in the aforementioned pump case, When it is located in front of the aforementioned pump 
house and in the back, and is prepared in the aforementioned pump case and this operation piston expands and contracts a pump 
house The suction valve and discharge valve which carry out inflow appearance of the liquid into this pump house, and the 
super-magnetostriction formula actuator which makes shaft orientations expand and contract a super-magnetostriction rod by 
being prepared in the aforementioned housing main body and energized from the outside, It is located between this 
super-magnetostriction formula actuator and the rod section of the aforementioned operation piston, is formed in the 
aforementioned casing, and consists of a fluid-pressure room which makes the aforementioned operation piston reciprocate by 
changing the pressure of the working fluid enclosed with the interior based on expansion and contraction of the aforementioned 
super-magnetostriction rod. 
[0009] 

[Function] By the above-mentioned composition, using a volume change in case a super-magnetostriction rod expands and 
contracts in shaft orientations, the pressure of the working fluid enclosed with the fluid-pressure interior of a room can be changed 
a lot, this pressure variation can be made to be able to act on the rod section of an operation piston, this operation piston can be 
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reciprocated upwards, and the amount of expanding and contracting of a pump house (capacity change) can be further doubled 

based on the surface ratio of the rod section of this operation piston, and the piston section. 

[0010] 

[Example] Hereafter, the case where the example of this invention is used as a fuel pump based on drawing 1 or drawing 6 is 
mentioned as an example, and is explained. 

[001 1] In drawing, 1 shows casing which constitutes the main part of a fuel pump, this casing 1 consists of a housing main body 2 
formed in the shape of a cylinder like object with base as an airtight container, and a pump case 4 prepared in the upper-limit side 
of this housing main body 2 in one through the cylinder part 3 of a minor diameter, and in the cylinder part 3, rod sliding hole 3 A 
of a minor diameter is formed so that the inside of a pump case 4 may be made to open for free passage in a housing main body 2. 
And in a pump case 4, it is located at the rod sliding hole 3 A bottom, and is formed between the operation pistons 5 which pump 
house 4 A of a major diameter mentions later rather than this rod sliding hole 3 A, and inlet port 4B and delivery 4C of fuel as a 
liquid are formed before this pump house 4A and in the back. Moreover, in a pump case 4, it is located at the pump house 4A 
bottom, and heights 4D which restricts the maximum capacity of this pump house 4A is projected and prepared downward, in 
addition, the casing 1 - at least -- a housing main body 2 -- electromagnetism -- it is formed of magnetic materials, such as 
stainless steel 

[0012] 5 shows the operation piston fitted in possible [ sliding in the cylinder part 3 of casing 1, and a pump case 4 ]. this 
operation piston 5 Piston section 5A which was formed in disc-like [ of a major diameter ] and formed pump house 4A in the 
pump case 4, from rod section 5B which breathed out downward from the center of an inferior surface of tongue of this piston 
section 5A, and was fitted in into rod sliding hole 3 A of a cylinder part 3 — becoming -- between this rod section 5B and cylinder 
parts 3 - a seal - it is equipped with the member 6 possible [ displacement ] within cone-like space 3B of rod sliding hole 3 A 
Moreover, between piston section 5A of this operation piston 5, and a pump case 4, it is located around heights 4D, a return 
spring 7 is arranged, and this return spring 7 is always energizing piston section 5A downward that pump house 4A should be 
extended. 

[0013] Here, piston section 5 A becomes effective area SI to pump house 4A, and the operation piston 5 is the effective area S2 

of rod section 5B within rod sliding hole 3 A. It receives and is the effective area SI of piston section 5 A. [0014] 

[Equation 1] SI =K1 xS2, however Kl : a constant - it is set as the relation and this operation piston 5 — the shaft orientations of 

rod section 5B ~ a variation rate - amount deltaLl receiving - capacity variation deltaVl of pump house 4A [001 5] 

[Equation 2] 

AVI =S1 XALl 

= K1 XS2 XALl 

It carries out, for example, in the case of Kl =10-20, is this capacity variation deltaVl . It is made to double to about 10 to 20 
times. 

[0016] The suction valve by which 8 was prepared in the inhalation mouth 4B side of a pump case 4, and the discharge valve by 
which 9 was prepared in the delivery 4C side are shown. For this suction valve 8 and a discharge valve 9, it is constituted as a 
check valve and pump house 4A is the aforementioned capacity variation deltaVl . It has, and when expanding and contracting, it 
flows out in the direction of **** B (regurgitation), and it is made to make the fuel of the flow rate corresponding to this flow in 
the direction of **** A from inlet port 4B, and to carry out from delivery 4C. 

[0017] 10 shows the super-magnetostriction formula actuator formed in the housing main body 2. this actuator 10 The coil 13 
made to generate a magnetic field by being wound around the periphery side of coil BOIN 1 1, and being energized from the 
outside through the terminal pins 1 2 and 1 2, The super-magnetostriction rod 14 which was inserted in in the coil bobbin 1 1 and 
elongated the inside of a housing main body 2 to shaft orientations, It is arranged in the upper-limit side of this 
super-magnetostriction rod 14, and consists of a movable plate 16 energized with the spring 1 5 at the upper-limit side of the 
super-magnetostriction rod 14, and shank 16A of the minor diameter projected upward that the soffit side of rod section 5B 
should be contacted is prepared in the center of an upper surface side of this movable plate 16 at one. 
[0018] here — this movable plate 16 - electromagnetism - like the ultimate lines 17 which are formed of magnetic materials, 
such as stainless steel, apply a magnetic field to the super-magnetostriction rod 14 with a housing main body 2 when a coil 13 is 
excited, and show this super-magnetostriction rod 14 to drawing 2 according to the magnetic field strength at this time - a 
variation rate -- amount deltaL2 It is made to expand and contract. At this time, the super-magnetostriction rod 14 is the effective 
sectional area S3. Since it expands and contracts in shaft orientations, without changing substantially, it is the amount delta V2 of 
volume changes of this super-magnetostriction rod 14. [0019] 

[Equation 3] It is set to delta V2 =S3 xdeltaL2 and changes comparatively a lot according to magnetic field strength like the 
ultimate lines 18 shown in drawing 2 . 

[0020] Moreover, effective sectional area S3 of the super-magnetostriction rod 14 It is [0021] to the effective area S2 of the 
aforementioned rod section 5B. 

[Equation 4] S3 =K2 xS2, however K2 : a constant ~ it is set as a relation - having - this constant K2 It is set to (K2 >1), for 
example, is set as about K2 =1 .5-2. and an initial load gives the super-magnetostriction rod 14 to shaft orientations with a return 
spring 7 and a spring 1 5 between a movable plate 16 and pars-basilaris-ossis-occipitalis 2A of a housing main body 2 - having - 
the magnetic field from a coil 13 - the above - a variation rate - amount deltaL2 It has, and when it expands and contracts, the 
variation rate of the operation piston 5 is carried out to shaft orientations through shank 16A of a movable plate 16. 
[0022] The fluid-pressure room which 1 9 was located between rod section 5B of the operation piston 5 and the 
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super-magnetostriction formula actuator 10, and was formed in casing 1 is shown, the incompressible working fluid R is enclosed 
in this fluid-pressure room 1 9, and this working fluid R makes a fluid pressure act on the soffit side of rod section 5B. and the 
amount delta V2 of volume changes of the super-magnetostriction rod 14 if it is based and the pressure in the fluid-pressure room 
19 changes — this amount delta V2 of volume changes corresponding - rod section 5B of the operation piston 5 — shaft 
orientations - a variation rate -- amount deltaLl since the inside of rod sliding hole 3 A is displaced - this variation rate - amount 
deltaLl [0023] 

[Equation 5] It is set to deltaLl =deltaV2 / S2, and is the amount deltaLl of displacement by three above and several 4 formula. 
The amount deltaL2 of displacement of the super-magnetostriction rod 14 It receives and is [0024]. 

[Equation 6] 

S3 XAL2 
A LI a 

S3 /K2 

= K2 X AL2 

A next door and the amount deltaLl of displacement of the operation piston 5 The amount deltaL2 of displacement of the 
super-magnetostriction rod 14 It receives and is K2. It can double now only twice. 

[0025] The stoma as a path which 20 was located in the piston section 5A bottom of the operation piston 5, and was formed in the 
pump case 4 was shown, the open air was made to always open for free passage the loculus 21 formed between pump cases 4 
with the piston section 5A down side when the operation piston 5 makes pump house 4A expand and contract [ stoma / this / 20 ], 
and it has prevented that the inside of these loculus 2 1 becomes negative pressure, moreover, the seal which equipped the 
periphery side of piston section 5 A with these loculus 21 — the seal with which it was intercepted by the member 22 to pump 
house 4A, and the periphery side of rod section 5B was equipped - it is intercepted by the member 6 to the fluid-pressure room 
19 

[0026] Furthermore, the electric insulating plate which arranged 23 between pars-basilaris-ossis-occipitalis 2 A of a housing main 
body 2, and the coil bobbin 1 1, 24 and 24 show the seal ring with which it was equipped between pars-basilaris-ossis-occipitalis 
2A of a housing main body 2, and each terminal pin 1 2. Each of this seal ring 24 prevents that the working fluid R enclosed in the 
fluid-pressure room 1 9 is revealed outside, and it is made to insulate electrically between each terminal pin 12 and housing main 
bodies 2 with an electric insulating plate 23. 

[0027] The fuel pump by this example has the composition like **♦*, and explains the operation below. 
[0028] If it energizes through each terminal pin 12 in the coil 13 of the super-magnetostriction formula actuator 10, first, by 
exciting this coil 13 The super-magnetostriction rod 14 is the amount deltaL2 of displacement like the ultimate lines 17 which a 
magnetic field generates around the super-magnetostriction rod 14, and are shown in drawing 2 according to the magnetic field 
strength at this time. It expands and contracts in shaft orientations and is the amount delta V2 of volume changes at this time. Like 
the ultimate lines 18 in drawing 2 , it is the amount deltaL2 of displacement. It compares and changes a lot. Moreover, the 
generating force of the super-magnetostriction rod 14 is the amount deltaL2 of displacement. Receiving, like the ultimate lines 25 
in drawing 3 , it changes and the fluid pressure in the fluid-pressure room 1 9 changes like the ultimate lines 26 in drawing 4 to the 
generating force of the super-magnetostriction rod 14. 

[0029] Then, if a driving pulse is energized like the ultimate lines 27 shown in a coil 13 in drawing 6 While the 
super-magnetostriction rod 14 is extended in the magnetic field from a coil 13, this elongation displacement is told to rod section 
5B of the operation piston 5 through shank 16A of a movable plate 16, a return spring 7 is resisted as piston section 5 A shows 
drawing 1 , and displacing upward the ultimate lines 28 which show this operation piston 5 in drawing 6 since the operation 
piston 5 is further pressed upward by the fluid pressure in the fluid-pressure room 19 - meeting -- a variation rate - amount 
deltaLl only - pump house 4A is made to expand and contract 

[0030] In this case, time tl of ultimate lines 28 It corresponds to the response time of the super-magnetostriction rod 14, and is 
time t2. It becomes the propagation time of a fluid pressure and is time t3. It passes through stable time and a driving pulse is time 
t4 by OFF and the bird clapper. It is returned to the position which the operation piston 5 shows to drawing 1 by the return spring 
7 with a time delay. And the operation piston 5 has the amount of displacement like ultimate lines 28, and pump house 4 A is 
made to expand and contract by energizing a driving pulse repeatedly like the ultimate lines 27 shown in drawing 6 . 
[003 1] Pump house 4 A absorbing the fuel of the flow rate corresponding to the amount of expanding and contracting (capacity 
variation deltaVl) in pump house 4A from inlet port 4B through fuel piping (neither is illustrated) etc. from the inside of a fuel 
tank at this time Making it breathe out towards an injection valve (not shown) through fuel piping etc. from delivery 4C, the 
discharge quantity at this time comes to increase-like proportionally based on the number of times (N/sec) of a drive per unit time 
of a driving pulse like the ultimate lines 29 shown in drawing 5 . 

[0032] According to this example in this way, it is the amount deltaL2 of displacement about the super-magnetostriction rod 14 
with the super-magnetostriction formula actuator 10. When making shaft orientations expand and contract The amount delta V2 of 
volume changes of the super-magnetostriction rod 14 Use and the fluid pressure of the fluid-pressure room 19 is changed. It is the 
amount deltaLl of displacement about the operation piston 5 by this fluid pressure. The shell considered as the composition 
which is made to carry out a variation rate and is made to expand and contract pump house 4A, The amount deltaL2 of 
displacement of the super-magnetostriction rod 14 It receives and is the amount deltaLl of displacement of the operation piston 5. 
It is K2 like six above. Upwards, can double only twice and Capacity variation deltaVl which turns into the amount of expanding 
and contracting of pump house 4 A like two above The amount deltaLl of displacement It receives and is Kl . It can be made to 
double only twice and the regurgitation efficiency of fuel can be sharply improved using the volume change of the 
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super-magnetostriction rod 14. 

[0033] moreover, as compared with the fuel pump of the conventional technology which drove the operation piston 5 with the 
super-magnetostriction formula actuator 10 contained in the housing main body 2, could miniaturize the fuel pump concerned, 
could attain lightweight-ization upwards since it considered as the composition which makes fuel breathe out by making pump 
house 4A expand and contract, and used the electrical motor as an actuator, noise and power consumption are reduced sharply - 
various effects things become possible — do so 

[0034] In addition, at the aforementioned example, it is the effective sectional area S3 of the super-magnetostriction rod 14. 
Effective area S2 of rod section 5B of the operation piston 5 It receives and is K2 like four above. Although stated as what is set 
up twice (about K2 =1.5-2) This constant K2 About a value, they are K2 >2, then the capacity variation deltaVl of pump house 
4A. It can enlarge further and the discharge quantity of fuel can be increased. 

[0035] Moreover, although the aforementioned example described as what arranges a spring 15 between a housing main body 2 
and a movable plate 16, and gives an initial load to the super-magnetostriction rod 14 by this spring 15 and the return spring 7, 
this invention omits not only this but the spring 1 5, and you may make it give an initial load to the super-magnetostriction rod 1 4 
only by the return spring 7. 

[0036] Furthermore, although the case where it used as a fuel pump was mentioned as the example and the aforementioned 
example explained it, this invention is applicable not only to this but liquid pumps, such as an oil pump. 

[0037] Although the loculus 21 formed between this piston section 5 A and a pump case 4 were described as the open air through 
the stoma 20 by the aforementioned example as a thing which makes it open for free passage further again with the piston section 
5A down side of the operation piston 5 which forms pump house 4A in a pump case 4 It is good also as composition which 
change to this and a stoma 20 is made to open for free passage through piping etc. to the inlet port 4B side by the upstream of a 
suction valve 8, and it flows out [ composition ] and carries out close [ of the fuel etc. ] into loculus 21 from an upstream rather 
than a suction valve 8. 
[0038] 

[Effect of the Invention] According to this invention, an operation piston is made to reciprocate by changing the pressure of the 
working fluid enclosed with the fluid-pressure interior of a room based on expansion and contraction of a super-magnetostriction 
rod as explained in full detail above. The variation rate of an operation piston can be enlarged using the volume change of the 
shell considered as the composition made to expand and contract a pump house, and a super-magnetostriction rod. By increasing 
the amount of expanding and contracting of a pump house (capacity variation), being able to improve the regurgitation efficiency 
of a liquid upwards sharply, and using a super-magnetostriction formula actuator, the whole can be rrriniaturized, 
lightweight-ization can be attained and various effects - noise and power consumption can be reduced sharply ~ are done so. 



[Translation done.] 



